Inhibition of aldosterone synthesis in rat adrenal cells by nicotine and related constituents of tobacco smoke.
Previous work has shown that nicotine and related constituents of tobacco smoke inhibit selected P450 enzymes in the glucocorticoid and sex steroid synthetic pathways. Because aldosterone synthesis is also cytochrome P450 dependent, we hypothesized a similar inhibitory action on aldosterone production. In this study we examined the effects of nicotine, anabasine (a related alkaloid), and cotinine (the major metabolite of nicotine) on in vitro aldosterone synthesis. Freshly isolated rat adrenal cells were assayed for corticosterone and aldosterone production in the basal state and after stimulation with ACTH or angiotensin-II (ANG-II). The addition of nicotine, anabasine, and cotinine in concentrations up to 100 microM did not inhibit stimulated corticosterone production. However, there was a potent dose-dependent inhibitory action of all three tobacco compounds on aldosterone production. The relative inhibitory potency was: cotinine > anabasine > nicotine. When employed at a concentration of 100 microM, the three compounds inhibited ACTH-stimulated aldosterone synthesis by 75%, 44%, and 21%, respectively. ANG-II-stimulated aldosterone synthesis was inhibited by 92%, 78%, and 62%, respectively. The plasma cotinine concentration range attained in tobacco smokers is between 1-10 microM. When tested with [3H]corticosterone and [3H]progesterone as exogenous substrates, 1-10 microM cotinine caused a significant dose-dependent inhibition of ACTH- and ANG-II-stimulated aldosterone synthesis. Cotinine substantially blocked the conversion of corticosterone to 18-hydroxycorticosterone, implicating the 18-hydroxylase or corticosterone 18-methyloxidase-I (CMO-I) step as the major site of inhibition. In summary, our results indicate that tobacco compounds cause direct and specific inhibition of aldosterone synthesis, primarily at the CMO-I step. This enzymatic blockade would be expected to result in activation of the renin-angiotensin system in vivo. We postulate that chronic stimulation of the renin-angiotensin system by this mechanism might contribute to the cardiovascular damage that occurs with long term tobacco use.